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Poll Questions

Poll 1: Have you been involved In

automobile rate filing in Ontario since
20107

* Yes

Poll 2: Have you ever carried on GLM
analyses?

* Yes
* NO




Overview of
Ontario Auto

GLM
Application

Market Size & Performance\
Impact of 2010 Reforms
Changes since 2010

. . )
Quick Overview of Basics

Three Approaches to
Reflect Dependencies




Ontario Automobile — Market Size and Performance

Private Passenger
Automobile Excluding
Farmers

 Qver 6.9 million vehicles

« $10.5 billion of earned
premium in 2014

* 69.7% Loss Ratio for AY
2014

Source: GISA Data AUTO1010-ON_2014.pdf
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Ontario Automobile = Premium Allocation

% Premium

= Accident Benefits
= Third Party Liability Bodily Injury
4% = Direct Compensation Physical Damage
= Collision
= Comprehensive
1% All Perils
= Uninsured Automobile
1% = Underinsured Motorist
1% m Third Party Liability Property Damage

0% = Specified Perils

Source: GISA Data AUTO1010-ON_2014.pdf
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Ontario Automobile — 2010 Reforms

Cap of Med/Rehab and Cap each assessment by
assessment/exam expenses claimant or insurer to
for minor injuries to $3,500 $2,000.

New SABS

Standard Med/Rehab Standard attendant care
coverage for non- coverage for non-
catastrophic claims of $50k, | catastrophic claims of $36k
with optional coverage of with optional coverage of
$100k or $1.1M $72k or $1.072M

Source: https://www.fsco.gov.on.ca/en/auto/autobulletins/2010/Pages/a-01_10.aspx




Quantitative Analysis — 2010 Reforms

Trends Pre- Trends Irr?e;?:;;nsn
Coverage 2010 Post-2010 P
Claim Cost
Reforms Reforms
Levels
Third Party Liability 2.7% 2.5% 0%
Accident Benefits 15.2% 1.3% -42.3%
Total Compulsory Coverages 9.9% 1.9% -26.7%
Total Physical Damages -1.9% -1.9% 0%

Total All Coverages

Source: http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html, sections 1.8.1 and 6.2
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http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html

Ontario PPA — TPL — Bodily Injury
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Source: http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html, Appendix A, Exhibits, Segment |
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http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html

Ontario PPA — AB — Disability Income
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Source: http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html, Appendix A, Exhibits, Segment IV
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http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html

Ontario PPA — AB — Medical Expenses

Loss Cost Frequency
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Source: http://www.fin.gov.on.ca/en/autoinsurance/kpmag-expert-report-ar2015.html, Appendix A, Exhibits, Segment VII
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http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html

Quantitative Analysis — Sensitivities

Trends Post-2010 Reforms S:/:g;teeld Ak[ﬂeggsre
Third Party Liability — Bodily Injury 3.2% 3.7%
Third Party Liability — DCPD 1.1% 5.6%
Accident Benefits — Disability Income 1.6% 4.0%
Accident Benefits — Medical and Rehabilitation 1.0% 1.9%
Physical Damage — Collision 0.8% 4.4%
Physical Damage — Comprehensive -2.2% -1.5%

Source: http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html, section 6.2.2
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http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html

Qualitative Analysis — Development since 2014

\

Budget 2015 ‘
Bill 15 Consumer
- FSCO Mandate,

Tow & Storage, g ¢ Protection, (

DRS, and Catastrophic Benchmarks and

Prejudgment Interest \  Impairment Definition, —-) Processes

On-going Initiatives
MIG, Road Safety,
SABS Dec 2014, and
SABS Jan 2015

T

_CANATICS : Testing of Autonomous
Anti-fraud detection . Vehicles

as

—

Usage Based Insurance Recent Court Cases

—-—\
Competitiveness
/-_._-/‘/

ert-report-ar2015.html, section 5



http://www.fin.gov.on.ca/en/autoinsurance/kpmg-expert-report-ar2015.html

Poll Questions

Poll 3: Have your company been able to use its own
data to assess the impact of the 2015 Reforms?

* Yes
* No
* Not Applicable

Poll 4. How does your company’s own assessment of

the 2015 Reforms compare to FSCO’s benchmarks?

« Generally lower

* Generally in line
* Generally higher
* Not Applicable
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. . )
» Quick Overview of Basics

* Three Approaches to

GLM Reflect Dependencies

Application
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Ontario Automobile — Frequency & Severity

Ontario PPV - Claim Frequency and Severity for Accidents in 2014
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/ \ / - 1.5%
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Injur . Propert Physical
Iy mmm Average Cost Per Claim = Cl alSRnERe 0l U B EYhge

Source: GISA Data AUTO1010-ON_2014.pdf
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Adding Segmentation Value by GLM
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Poll Questions

Poll 5: Which GLM approach do you prefer?

* Frequency & Severity Approach
» Loss Cost Approach (Tweedie)
» Other

* Not Applicable

Poll 6: Have you ever considered correlation between Frequency
and Severity in your GLM models?

* Yes
* No
* Not Applicable

Poll 7: Have you ever considered correlation between different
coverages in your GLM models?

* Yes
* No
* Not Applicable
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Traditional GLM Practice

1. Frequency & Severity Approach
* Build a frequency model with Poisson GLM

* Build a severity model with Gamma GLM

Combined the two models by assuming the independency of frequency and severity

2. Pure Premium Approach

» Build a pure premium model with Tweedie GLM

3. Compare Pros and Cons
*  Frequency & Severity Approach:

v Provide a better understanding of the way in which factors affect the cost of claims

v~ Can more easily allow the identification and removal of certain random effects from one
element of the experience

Pure Premium Approach: reduce the amount of iterative modeling work

79pA [intact] — *




Frequency & Severity Approach — Collision

Loss Cost - Collision

1. Loss Cost:

I.  Slightly overpriced for small loss cost
risks

2. Severity:
S —— A o .. Under estimated for small loss cost

Actual

12,000 — .
xpected 16%
10,000 ISKS
-'E 8,000 12%
s 10%
& 6,000 8%
UUUUU 6%
4%
2,000
2%
.
““““““““““ o 3. Freguencyv:

I. Over estimated for small loss cost risks

Frequency - Collision

— 3
—_—A
—

12%
10%
8%
6%
4%
2%
T T T T T T T T T T T T T T T T T 0%
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1& 19 20
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Frequency & Severity Approach — Accident Benefit

Loss Cost - Accident Benefit

1. Loss Cost:

I.  The model cannot really differentiate the
high and low loss cost risks.

2. Severity:
.. Model seems cannot really differentiate

o ;%»\ﬂ - the high and low severity risks.
#100, /_: s

o mrrll/l
B 1 7 e

Severity - Accident Benefit

2 3 a s 6

3. Frequency:
I.  Model fit pretty well.

Frequency - Accident Benefit

Significant opportunity for improvement.

12%

10%

8%

6%

4%

2%
. . . . . . . . . . . . 0%
a o 10 11 12 13 14 15 16 17 18 19 20
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Adjustment for Dependence

Good
. No need for Clear Pattern Rotative Pattern

further adjustment
v § s
dependence
-

No
Other Pattern
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Adding Segmentation Value by Considering Dependence

Quiz 1: Do you agree that a
O correlation means no
dependence

o Yes
»No

Quiz 2: Claim frequency

Y

Y

Y

and severity are often
o Negatively dependent
o Positively dependent

Y

Y
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Empirical Dependence between Frequency and Severity —

Accident Benefit

Severity vs. Frequency

250,000
200,000 \
150,000 \
100,000 \
50,000 \

—_—

- T T T T T T T 1
0.0% 02% 0.4% 0.6% 0.8% 1.0% 1.2% 1.4% 1.6%

Observations:

a. Thereis a clear negative
correlation between the
frequency and Severity, i.e. the
lower the frequency the higher
the average severity and vice
versa.

b. The correlation is NOT linear

Quiz:
1. What is the main driver of the
loss cost;

Frequency
o Severity
o Dependency
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Three Approaches to Model Dependency

Approach 1: Link Marginal Frequency and
Conditional Severity Model through a
multiplicative factor

Approach 2: Link Marginal Frequency and
Marginal Severity model through a copula

Approach 3: Link Marginal Frequency and
Marginal Severity model through a
Rotative Factor




Approach 1 — Marginal Freqguency and Conditional Severity

Model Concept

When Poisson counts are assumed and a log-link is used, the pure premium from this
approach can be view as a production of the following three items:

ltems Formulae

Marginal Mean Frequency E[N]
Modified Marginal Mean Severity E[Y]
Dependence Multiplicative Factor eEIN1+(e®-1)+6

Key Point is item 3, which is indexed by a real-valued parameter that accounts for the
association between the frequency and severity component of the model.

= Aggregate Model: S = YX, ¥;
m Independent model: E[S] = E[N] = E[Y]
= Dependent Model: E[S] = E[N]  E[Y] * eEIN*(e°~1)+0

7IPA [intact] — ~©



Approach 1 - The Aggregate Claim Model — Special Cases

E[S] = E[N]*E[Y] * eEIN1+(e?-1)+6

0T

=0 =1 Independent and dependent models are
identical

>0 >1 A surcharge for the positive dependence
between freg-sev

<0 <1 A discount for the negative dependence

between freq-sev
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Approach 1 — Opportunities for Improvement

O The Multiplicative Factor: eEINI[(e°~1)+6]

13 13
= Mulitply Factor Theta =0.1 = Mulitply Factor E[N]=0.1
. ulitply Factor E[N]=0. i //
= Mulitply Factor Theta =0.05 = Mulitply Factor E[N]=0.015
1.2 11
1.15 1
1.1 69
1.05 08
1 T T T T 1 I T T G-;’ T T 1
0 0.02 0.04 0.06 0.08 0.1 -0.3 -0.2 -0.1 0 0.1 0.2 0.3

1 Observations

o Given theta, the change of E[N] can not give a big enough variety of the multiplicative
factor.

o The multiplicative factor is quasi-linear.
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Approach 2 — Link Marginal Frequency and Marginal Severity

Model through a Copula

O Copula concept

o Copula approach allows modelers to model the marginal distributions and the
dependence structure separately

o The dependence between underlying random variables is not influenced by the marginal
behavior

O Challenges:
o Complexity
o Gaussian Copulas is not necessarily the most optimal choice
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Approach 3 - Link Marginal Frequency and Marginal Severity

Model through a Rotative Factor

0 A mathematically simplified but functionally strengthened approach

o Give the flexibility of bigger range of adjustment for correlation

o The adjustment factor can be calculated easily from a curve fitting

Frequency - Accident Benefit

1
LS
“
2
F
0%
@ 1 11 12 13 4 15 16 17 18 1% 0

“ponow o
FEERZIIEER

250,000

Severity - Accident Benefit

14%
12%
10%
8%
— 6%
50,0 4%
2%
- /M " EH B B B B B8 F EE B BB BEEREE 0%
1 2 a a4 s & 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Frequency model is robust. Frequency could be
used to adjust for the severity/dependence, which
Is a similar concept as in Approach 1.

Severity model doesn't fit the experience well.
However, the deviation pattern is stable and
obvious.

A power/rotative factor is needed instead of a
guasi-linear factor.

The rotative factor is fitted from the difference
between the actual severity and modeled severity
by frequency. Here, it is 0.0178 = E[N]~%774, which
give more variety than the multiplicative factor in
Approach 1.
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Approach 3 — Case Study Based on Accident Benefit

o Before

o After

Severity - Accident Benefit Severity - Accident Benefit
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Approach 1 vs. Approach 3

250,000 -
200,000 -
150,000 -
£

v
100,000 -

Severity - Accident Benefit

50,000 -

Approach 1

- 20%

- 18%

- 16%

- 14%

- 12%

- 10%

- 8%

- 6%

F 4%

- 2%

- 0%

250,000

200,000

150,000
z

100,000

— Actual
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re
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Approach 3

20%
18%
16%
14%
12%
10%
8%
6%
4%

2%

Cluster
(Frequency)

Adj’t Factor

Approach 1 (a)

0.14% 1.00
0.23% 1.00
0.47% 1.00
0.70% 0.99
1.34% 0.99

Adj’t Factor
Approach 3 (b)

2.84

1.97
1.12

0.83
0.50

Difference

(c) = (b)/(a)-1
1.84

0.97
0.13

-0.17
-0.49

31



Conclusion

From the segmentation perspective: correlation/dependence
between Frequency and Severity is not negligible for certain
coverages.

Dependence between frequency and severity is not always
linear. However, there is a clear and stable pattern for most
of the times.

Approach 3 provides a mathematically simple and practically
robust method to reflect the dependence between frequency
and severity to have more accurate segmentation.




Appendix 1 - Definitions and References

- Definition of Coverages :
https://www.fsco.gov.on.ca/en/auto/brochures/Pages/brochure autoins.aspx

- Definition of correlation and dependence:

https://en.wikipedia.org/wiki/Correlation and dependence

+ Data: PY 2012- 2014 as of 12/31/2015 industry data is used. However, some transformation
were applied for confidential reasons.
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Questions?

Thank You

John Zhou -

john.zhou@intact.net
416-889-3521

Anh Tu Le
ale@kpmg.ca
647-777-5352



